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ABSTR AC T
The therapy of spider veins, telangiectasia and reticular veins of lower extremities can be successfully performed with sclerotherapy or by using the long pulsed (LP) Nd:YAG laser. A matter of discussion, however, is how should laser parameterssuch as wavelength, fluence, pulse duration, number of pulsesbe utilized for effective and selective photothermolysis treatment without any side effects. The selective photothermolysis was introduced in 1983 by Anderson and Parrish [1] as a concept in laser treatment, meaning the selective thermal destruction of the target tissue (the chromophoresthe light-absorption molecule is here the blood vessel) using a specific laser light wavelength, with minimal injury to surrounding tissue (the skin). The effectiveness of the selective photothermolysis process using an LP Nd:YAG laser at 1064 nm for the treatment of leg veins telangiectasias up to 2 mm in diameter, is the result of 30-years clinical experience sustained by patient satisfaction and photo documentation. The use of double and triple pulses seems to be the key of success in treating even larger vessels and has demonstrated superior safety and efficacy. Even bigger telangiectasias, reticular veins or other dilated veins on neckline, upper abdomen or in the face can be successfully treated with the LP Nd:YAG laser. 
ZUSAMMENFASSUNG
Introduction
Telangiectasias, known colloquially as spider veins, and reticular veins are more common in women (about 40 %) than men (about 15 %). They are primarily an aesthetic problem, but they also have underlying genetic and hormonal factors. Standing for long periods at work may also be a reason for the development of spider veins. Overweight is another reason [2, 3] . Even when the patient presents to the doctor mainly for aesthetic reasons, there should be a thorough examination of the venous system to rule out any underlying incompetence of trunk or perforating veins [4] .
Anatomical considerations
Reticular veins are small blue varicose veins within the skin that usually measure less than 3 mm in diameter [5] . Spider veins or telangiectasias, which may be dark red or dark blue in colour, also lie within the skin but are smaller, with a diameter of 0.2-2 mm, and tend to be more superficial. They have the appearance of a spider's web or a starburst. The very small telangiectasias lie immediately below the surface of the skin and are therefore ideally suited to laser therapy. These dilated vessels, whether red or blue or very fine or somewhat coarser, are the main reason for the patient to visit a phlebologist and may also be present even when there is no venous insufficiency [6] . If valve incompetence in the trunk vein is diagnosed on investigation, it is recommended that the larger veins are treated first, either with endovenous thermal ablation (radiofrequency or laser) or high saphenofemoral ligation and stripping in more advanced cases. The reticular veins and spider veins are then dealt with, either by means of sclerotherapy or an LP Nd:YAG laser [7] . Sclerotherapy is a good method for treating dilated veins, which is both effective and cost-effective, as has been demonstrated in numerous studies [3] .
Long-pulsed (LP) Nd:YAG laser
Various Laser and Intense Pulsed Light (IPL) devices have been tested in the treatment of telangiectasias of the legs over the last 30 years (long-pulsed Alexandrite laser, long-pulsed dye laser, KTP laser, diode laser, IPL). The results with the laser devices first used were not at all satisfactory or only moderately so [8, 9] . These comparative studies showed that the LP Nd:YAG laser was much more effective than diode lasers (810 nm) and Alexandrite lasers (755 nm). Numerous studies [10] [11] [12] [13] [14] have confirmed that the LP Nd:YAG laser with 3-100 ms pulses is a very efficient and safe method of treatment for telangiectasias measuring 0.2-3 mm in diameter [6] . When treating blood vessels with laser light, the three most important chromophores (light-absorbing molecules) are haemoglobin in the blood and melanin and water in the skin. When a specific laser wavelength is absorbed by a chromophore, all the energy is transmitted to the target chromophore. Light of different wavelengths is absorbed by different target chromophores. In the case of blood vessels, the target chromophore is haemoglobin. Ideally, the wavelength selected should be one that is absorbed exclusively by haemoglobin and not by other chromophores such as water or melanin. This is the case with the LP Nd:YAG laser and its 1064 nm wavelength. In order to destroy the vessel, sufficient heat must be absorbed (sufficient fluence). In addition, a sufficiently long duration of exposure (pulse duration = the time for which the vessel is heated) is necessary to allow the selective heating and slow coagulation of the vessel, without damaging the surrounding structures. These properties of optimal wavelength, sufficient fluence and pulse duration represent the cornerstones of the theory of selective photothermolysis. The low absorption of LP Nd:YAG laser by melanin means that the laser beam is not absorbed by the epidermis, but penetrates deeper layers, with the result that dark pigmented skin can also be treated. Although the absorption of the LP Nd:YAG laser (1064 nm) in haemoglobin is relatively weak compared to a dye laser (585 nm), it is still ten times higher than the absorption in water, the main chromophore in the dermis (15) . Since absorption in the blood is relatively low, there must be a very high energy density (fluence), and this is possible because the absorption by melanin is even lower. The effects of the LP Nd:YAG laser change some the haemoglobin molecules into methaemoglobin (MetHb) [16, 17] . The leg veins that are located deeper contain more deoxyhaemoglobin (Hb) than oxyhaemoglobin (HbO 2 ) [17] . The absorption coefficient of the 1064 nm wavelength is about 20 times higher in MetHb than in Hb. The conversion into MetHb begins a few milliseconds after the first laser shot and it is therefore very important to send double and triple pulses, in order to utilise the thermal effects of the second and third pulses to the maximum. In addition, the total energy delivery is much higher than that achieved with a single pulse. Treatment with the LP Nd: YAG causes photothermal damage to the vessel wall through absorption into the haemoglobin and subsequent photosclerosis (sclerosis with laser light = photon) [18] . The combined use of long and multiple pulses allows the vessel to be heated slowly and evenly without burning the skin as well as causing a sub-purpuric reaction without haematoma formation and intravascular coagulation [6, 19] . During the laser process, the haemoglobin chromophores change as follows: HbO 2 becomes Hb as a result of coagulation and denaturation, which in turn becomes MetHb as a result of oxidation and denaturation of the cell membranes [8] (▶ Fig. 1 ).
The treatment of reticular veins and spider veins should also follow the sequence of largest to smallest vessel. In this way, the incompetent perforating veinsreferred to as feeder veinsare treated first. We recommend using a larger laser spot diameter (≥ 6 mm). In addition, the advantage is that larger spots do not have a large scatter and the higher laser energy reaches the desired target in the deeper layers. The choice of pulse time is also very important for effective treatment. The longer action of pulse times greater than 10 ms has an optimal collagen shrinking effect, resulting in better occlusion of the vessel. Slow heating of the vessel seems to be the most important mechanism for permanent occlusion. Conforming to selective photothermolysis, the ideal pulse is long enough to cause thermal coagulation of the endothelium with minimal perivascular side effects [6, 14, 19] .
In summary, the LP Nd:YAG laser presents an optimal solution for treating telangiectasias on the legs for the following reasons: it has an optimal wavelength, absorption in the target chromophore (vessel) is good, it sufficiently penetrates skin to reach the target vessels (small perforating veins can also be treated effectively), it has the greatest effect out of all types of lasers thanks to its minimal absorption in the epidermis and lowest absorption by melanin which means that post-inflammatory hyperpigmentation (PIH) is extremely rare. The three pulse sequences with their different delay times provide dynamic cooling of the epidermis (without substantially cooling the dermis), so that sufficient fluence and pulse duration are achieved in the target tissues to allow selective heating and slow coagulation of the target vessel and its intima, without causing any damage to the surrounding tissues (the skin). The pulse duration should correspond to the thermal relaxation time of the target structure (shorter or the same length). The thermal relaxation time is the time that the target tissues require to pass the absorbed heat on to the surrounding structures.
Larger telangiectasias, reticular veins or general venous ectasia in the cleavage, on the upper abdomen or even on the face can be successfully treated with the LP Nd:YAG laser (▶ Fig. 2 ).
LP Nd:YAG treatment
Although a few patients find the LP Nd:YAG laser to be painful, most people tolerate the treatment well and even tolerate a higher number of laser pulses without complaint. A few testshots are recommended to ascertain the patient's sensitivity to pain. Administering an oral analgesic about 30 minutes prior to treatment or applying a local anaesthetic gel without vasoconstricting effects about 15 minutes beforehand may help [7] . Immediately before treatment, the anaesthetic gel should be carefully removed and the skin degreased. A cooled transparent ultrasound ▶ Fig. 2 gel is then applied to the area to be treated. If the gel becomes milky during treatment, the laser head and the skin should be cleaned. New gel is then applied [7] .
There are four lightguides that can be attached to the LP Nd: YAG laser handpiece: round with diameters of 1.5 mm, 6 mm, and 9 mm and a rectangular guide measuring 2 × 4 mm [7] . The treating physician must first select the spot size depending on the size of the vessel to be treated: a smaller spot for fine superficial veins and larger spots for thicker and more deeply lying veins. Several recommendations for use are stored in the system of our LP Nd:YAG laser, which are very helpful for the beginner [7] . We start with the larger deeper reticular veins and use a triple pulse with pulse times of 7 ms and corresponding delays of 25 ms: 7 ms-25 ms-7 ms-25 ms-6 ms ▶ Fig. 1) . The selected fluence is 140-150 J/cm 2 . Telangiectasias that are smaller than 2 mm in diameter and from dark red to purple in colour, are treated with a double pulse: 8-11 ms for the first pulse and 7-8 ms for the second, with a delay of 25 ms and the same fluence of 140-150 J/cm 2 . Finally, we treat the very fine spider veins of less than 0.5 mm in diameter, which are bright red and rich in HbO 2 . The present article presents a treatment method that is always carried out with the Nd:YAG laser handpiece of the M22 multiapplication device from Lumenis ® . The treatment parameters given in this article are to be considered as recommendations only and must not be extrapolated to other Nd:YAG lasers. In general, treatment with the LP Nd:YAG laser depends less on the technical affinity than on the selected settings and the treatment skills of the doctor. After each applied shot, the treated vessel should be massaged with the highly cooled lightguide, to massage away the intravascular coagulum and render any later removal of haematoma unnecessary [7] . Before the start of treatment, the area to be treated should be cooled by a back-and-forth movement of the cooled laser head for 1-2 seconds. This massage in the preparatory phase allows the direction of blood flow to be determined. Before using the LP Nd:YAG laser, the position of the laser head is orientated to the direction of blood flow, in order to squeeze the blood away. To ensure a good contact, the laser head is positioned obliquely against the skin and slight to moderate pressure is ap-plied. The exerted contact pressure is proportional to the size and depth of the vein, in order to reduce the overall diameter of the vein and maintain a good density of action. The effects of the heat are diminished by the reduction in blood volume. As a result, the treatment will of course be less painful, especially in the case of the largest veins, and will thereby also prevent the formation of large intravascular haematomas. If the blood return flow is slow, the direction of the lightguide is not so important. Irrespective of the spot size, closure of thinner blood vessels is less painful than it is for larger vessels. Positioning of the LP Nd:YAG lightguide at an oblique angle and treating the entire length of the blood vessel can also reduce the likelihood of the lumen reopening. It goes without saying that heavily tanned skin and skin treated with self-tanning agents should not be treated. Slightly hyperpigmented skin can be treated and we are therefore prepared to treat these patients throughout the summer as well. It is then recommended to reduce the fluence by about 10 % to 15 % and to use only double or triple pulse therapy, whereby the interval between the pulses should be increased to 30 ms.
There are several clinical reactions that indicate successful treatment: the immediate disappearance of blood from the vessel, a dark colour to the blood, which indicates coagulation and should be massaged away immediately with the lightguide, and delayed erythema and oedema (▶ Fig. 3 ) or purpura-like maculae. Even if there is no immediate reaction to be seen, the same area should not be treated again straight away with a second pulse sequence, but several seconds should be allowed before re-lasering. This prevents blistering. If a soft popping noise is heard, it is a sign that extreme localised heating may have led to the vessel bursting. This area must be checked at the end of treatment or a few days afterwards and, if necessary, the vessel must be removed to eliminate any microthrombi. This helps to prevent any postinflammatory hyperpigmentation (PIH). Cooling the skin immediately after treatment is very important and restricts the leakage of haemosiderin. Furthermore, we recommend the application of a cortisone cream, which should be continued for 2-3 days after treatment. If, unlike expected, a large haematoma develops, heparin cream or gel may help, but we do not prescribe this ▶ Fig. 3 a Reticular veins in the popliteal fossa before laser therapy. b Typical clinical reactions immediately after treatment with the LP Nd:YAG laser: vasospasm, erythema, oedema.
▶ Fig. 4 a Reticular veins and spider veins on the inner aspect of the distal thigh, before laser therapy. b After three sessions of LP Nd:YAG laser therapy.
▶ Fig. 5 a Spider veins on the outer aspect of the thigh, before laser therapy. b After 4 sessions of LP Nd:YAG laser therapy at 2-3 monthly intervals. The picture was taken more than 8 months after the last treatment session.
▶ Fig. 6 a Reticular veins and spider veins in the popliteal fossa of both legs, before treatment. Foam sclerotherapy was performed only on the right side, the day the picture was taken. b Three months after the second session with LP Nd:YAG laser therapy of the popliteal fossa of both legs.
routinely. Subsequent treatment sessions should be planned at intervals of 6-8 weeks (▶ Fig. 4-6 ). Patients must be told to avoid any excessive exposure to the sun until the next treatment session and not to use any self-tanning agents before then. Sunscreen should be used consistently during holidays [7] .
Advantages of treating reticular veins and spider veins with the LP Nd:YAG laser
There are no allergic reactions either during or after laser treatment. Pain is minimised with the use of a local anaesthetic gel or oral analgesics. So far, thrombosis has not been observed as a side effect, so there is no limit to the number of veins or areas that can be treated. All reticular veins and spider veins can be treated in one session, providing the patient's pain tolerance allows it. Reticular veins on the foot, below the medial or lateral malleolus, can also be treated without the risk of a deep vein thrombosis. Hypopigmentation and hyperpigmentation are extremely rare with correct use of the laser. However, a very long learning curve for the user is normal. Compression bandages are not necessary. Wearing compression stockings is also not really necessary, but we do recommend that class I compression stockings are worn for 1-2 weeks, if larger reticular veins have been treated [7] . Busy people particularly appreciate the laser method, because they only need to come for treatment every two monthswith a total of 3-5 sessions on average. Combination with IPL is possible and advisable when there is matting, as our laser devices are appropriately equipped for such use.
For patients, who are set on having laser therapy, this is their main reason for seeking out your practice.
Summary
The LP Nd:YAG with its 1064 nm wavelength allows the deepest penetration of all non-invasive vascular lasers. The high energy allows penetration into the dermis and also the destruction of large vessels. The LP Nd:YAG with larger spots penetrates deeper. The multiple pulses also penetrate deeper and allow greater thermal relaxation times. The long pulse duration leads to a slower and more uniform heating of the vessel, without causing it to burst thus reducing the possibility of later purpura and hyperpigmentation.
